Introduction
Silicon carbide (SiC) whiskers have long been used to reinforce materials such as plastic, metal and ceramics.1) From this view, SiC whiskers of high purity and high densi ty had been synthesized using a chemical vapor deposition (CVD) method.2)-7) In recent reports, SiC whiskers were synthesized from SiO2 and carbon black (CB) in a hydro gen-gas atmosphere via a solid-gas reaction between SiO and CB,8) the thermal decomposition of methyltrichlorosi lane using Ni-coated graphite substrates,9) and a novel syn thesis process based on a carbothermal reduction reaction of binary carbonaceous silica aerogels. 10) SiC whiskers have been synthesized using rice hulls: silica-containing natural substances in the order of more than ca. 90mass%.11)-15) However, the synthesis of SiC whiskers from other natural substances was not found in re cent studies. Herein, we tried to synthesize the whiskers from four kinds of silica-containing natural substances such as volcanic ash, diatomaceous earth, white sand and rice hulls for 10h at 1673 K under a flowing a gas mixture of 10 vol% methane and 90vol% argon using graphite substrates; however, SiC whiskers slightly grew on the substrates when using silica-containing natural substances except for volcan ic ash; no products were obtained using volcanic ash. One reason was probably the effects of impurities such as Fe2O3, A12O3, MgO and CaO in the natural substances, because it was reported that, in the synthesis of Si3N4 whiskers from diatomaceous earth, MgO and CaO prevented the main gaseous reaction in the growth of the whiskers.16) We thought then of using a flux effect of Na3A1F6 in the synthe sis of SiC whiskers from silica-containing natural sub stances. The effect of cryolite, Na3A1F6, on the growth of SiC whiskers was clear in our previous report on SiC whiskers from a Si02-Na3A1F6-CH4 system.17) 
Herein, the mole fraction of SiO2/Na3AlF6=4, 5 was equiva lent to that of Si02/NaF =4/3, 5/3 which are close to SiO2/ NaF=5/4 in Eq. (1). Actually, the mole fraction of SiO2 and Na3AlF6 does not completely correspond to SiO2/NaF= 5/4 because of a non-stoichiometric reaction. Therefore, the yield of SiC whiskers is considered to become maximum at x=5 in the Si02-Na3A1F6 system. The dependence of the maximum yield on the natural substances was in the order of silica, volcanic ash, diatomaceous earth, rice hulls and white sand. This tendency does not correspond to the order of the SiO2 content. This result is suggested to show the effect of impurities. 
Effects of the impurities on the growth of SiC whiskers
In Section 3. 1, the dependence of the maximum yield on the natural substances did not correspond to the order of the SiO2 content.
Therefore, in this section, the effects of impur ities, i.e., oxides such as Fe2O3, Al2O3, TiO2, MgO and CaO, on the yield and length of the SiC whiskers were investigat ed at x=5. The effect of oxides on the yield of SiC whiskers deposited on three places is shown in Fig. 2 Table  3 shows the effect of impurities on the length of the SiC whiskers.
Fe2O3 accelerated the growth of the whiskers, because of an increase of 4mm in the whiskers obtained on the graphite boat. An increase of 1mm due to the addition of Al2O3 probably contributed to accelerating the growth of the whiskers on the graphite boat and tube. On the graphite tube, an increase of 1mm in the length of the whiskers oc curred due to the growth promoter Fe2O3 while on the alu mina tube, the length increased slightly with the addition of Al2O3. This behavior of the length indicated that Fe2O3 was the most effective on the graphite boat and that the gaseous iron oxides generated by the slight volatilization of Fe2O3 affected the growth of the whiskers deposited on the graphite tube. Motzfeldt et al. reported that Al2O and Al vapor were generated via the reduction of Al2O3 by C under the stream of Ar.18) It seemed that the gaseous aluminum oxides generated by the reaction between Al2O3 and graphite led to the growth of the whiskers because the addi tion of Al2O3 accelerated the growth of the whiskers formed on the graphite boat and alumina tube. Total yield, on the graphite boat, on the graphite tube, on the alumina tube. Table 3 . Effects of Impurities on the Length of SiC Whiskers Syn thesized from SiO2-CH4-Na3A1F6 System; SiO2/Na3AlF6=5
The effects of impurities in the droplet on the SiC whiskers are shown in Fig. 3 . Because all of the whiskers had a pole-like shape, the whiskers could grow via a Vapor-Liquid-Solid (VLS) mechanism. Generally, when the whiskers grow by the VLS mechanism, the component of the droplet is a metal silicide. 19 ) With the addition of Fe2O3, Al2O3 and TiO2, the droplet formed on the top of the whiskers. The droplet was not confirmed with the addition of MgO and CaO. The solubility of Fe203, Ti02 and A1203 in silicon was higher than that of MgO and CaO in the compo nent of the droplet. Herein, Darken and Gurry reported that the solubility between Si and various metals was greatly dominated by atomic diameter and electron negativity.20)
They proposed that metals dissolved in Si when the atomic diameter and electron negativity of the metals were close to those of Si. Figure 4 shows the plot of electronegativity vs. atomic radius. Fe was highest among the other metals in solubility in Si. This result corresponded to the highest con tent of metal in the droplet in the case of the addition of Fe2O3. Among the metal contents of the droplet, TiO2 and Al2O3 also showed the same tendency as Fe2O3. While, the light metal oxides such as MgO and CaO were lower than transition metal oxides in solubility of the metal in Si. From these results, we reached the conclusions that Fe2O3 con tributed to the formation of the droplet leading to growth promotion of the whiskers. Fig. 3 . SEM photographs and composition of droplet on the tip of SiC whiskers synthesized from SiO2-C4-Na3AIF6 system; SiO2/ Na3AlF6=5.
Subsequently, the components of the droplet formed on the tip of the whiskers obtained from silica-containing natur al substances in Fig. 5 were compared with the components in Fig. 3 based on Table 4 : EDX analysis of the droplets of SiC whiskers synthesized from natural substances contain ing silica. In the case of using volcanic ash with the highest content of Fe2O3, the content of Fe in the droplet was greatest. In contrast, a silicide with Fe was hardly con firmed in the droplet using rice hulls containing 0.23mass% Fe2O3 that was lowest among these natural substances. Therefore, raw materials with a metal which was easily dis solved in Si were quite suitable for the formation of the droplet promoting the growth of the whiskers.
4. Conclusions The effects of impurities on the growth of SiC whiskers synthesized from silica-containing natural substances were investigated regarding the yield and length of the whiskers. The dominant factor in the growth of the whiskers was exa mined by elemental analysis of the droplet. We reached the following conclusions.
(1) The yield of SiC whiskers synthesized from silica containing natural substances was improved by the addition of cryolite. The most effect appeared on volcanic ash, and the total maximum yield was 21mass%.
(2) Fe2O3 contributed to increasing the length of the SiC whiskers and the yield of SiC whiskers on the graphite boat. On the other hand, Al2O3 slightly affected the improve ment in the yield on the graphite tube and the length on the graphite boat.
(3) The content of the metal component in the droplet at the tip of SiC whiskers was related to the solubility of the metal in Si, and the content of Fe in the droplet was greatest among the metals.
(4) The increase in the yield and the higher Fe content in the droplet when using volcanic ash containing more Fe2O3 than the other natural substances supported the belief that Fe2O3 was very effective in growth promotion of the whiskers. Fig. 4 .
Plot of electronegativity vs. atomic radius. 
